cause severe neurological disease in humans and animals. However, no specific treatment has been 48 developed due to the lack of information about the detailed pathogenic mechanisms. In current study, 49 we revealed that the transport of the viral RNA of tick-borne flavivirus in neuronal dendrites was indicating that the 3′ UTR was involved in the stability of the RNAs (Fig. S2A ). These data suggest that the 5′ 109 UTR of TBEV contains a motif required for the transport of mRNA to neurites. 110 There are two stem-loop (SL) structures (SL-1, nucleotide (nt) 4-103 and SL-2, nt 107-128) predicted 111 in the 5′ UTR of TBEV (18) constructed to analyze the importance of these structures in transport ( Fig. 2A) . The mRNA with deletion of 113 SL-1 was still detected in the neurites, while deletion of SL-2 abolished the localization ( Fig. 2B and C) . 114 These data indicated that the SL-2 region of TBEV 5′ UTR is required for mRNA transport. 115 To further analyze the role of SL-2, we introduced mutations in the SL-2 region of pCMV-Luc (5′ 116 TBEV/3′ TBEV). The mutations of SL-2 loop G-U and C-U were designed without affecting formation of the 117 stem structure. The mutations of SL-2 stem were designed to dissociate the stem structure (Fig. 2D) . After 118 transfection of PC12 cells, the mutation of SL-2 loop G-U or SL-2 stem slightly decreased the signals in the 119 neurites. However, the mRNAs with the mutation was still detected in the neurites, and showed no significant 120 difference from those of TBEV wild-type (wt). The mRNAs with the SL-2 loop C-U mutation were not 121 detected in the neurites completely ( Fig. 2E and F) . These indicated that C at nt position 120 in SL-2 is the 122 most important in the transport of mRNA to neurites. 123 124
Mutation-impeding genome transport to dendrites attenuated the neurological symptom of TBEV 125
To construct a mutant TBEV lacking the ability to transport the genome in dendrites, a C-to-U mutation 126 at nt position 120 in the 5′ UTR was introduced into the infectious clone of TBEV. The recovered mutant virus 127 (SL-2 loop C-U) grew relatively slower until 24 h post-infection (h.p.i.), but caught up with that of TBEV wt 128 by 48 h.p.i. in primary cultures of mouse neurons (Fig. S4 ). Viral genomic RNA was detected in the dendrites 129 infected with TBEV wt, but the signal in dendrites was weak in SL-2 loop C-U-infected cells (Fig. 3A) . 130 Number of the viral antigen accumulation in the dendrites also decreased significantly in cells infected with 131 SL-2 loop C-U (Fig. 3A and B) , indicating that the C-U mutation of the SL-2 loop significantly decreased the 132 transport of genomic RNA to dendrites. 133 To evaluate the effects of TBEV genome transport on the pathogenesis in mice, C57BL/6 mice were 134 6 inoculated with TBEV wt or SL-2 loop C-U intracerebrally. No differences in morbidity or mortality were 135 observed between the two groups (Fig. 3C) SL-2 loop C-U, 30%), and the level of cerebellar ataxia of infected mice was scored and was found to be 139 significantly lower from 5 to 7 d.p.i. in mice infected with SL-2 loop C-U (Fig. 3D) . The virus titer was lower 140 in the brain infected with SL-2 loop C-U at 3 d.p.i., but caught up with TBEV wt at 6 d.p.i. (Fig. 3E) . No 141 reversion or compensatory mutation in the 5′ UTR was found in the mice infected with SL-2 loop C-U. Thus, 142 preventing the transport of the genome did not affect the lethality after viral multiplication, but attenuated the 143 neurological symptoms of TBEV in mice. TBEV wt but not in those infected with SL-2 loop C-U (Fig. 6 ). The expression of the mRNAs was reduced 173 more by infection of TBEV wt than SL-2 Loop C-U (Fig. S7) . These results indicate that the transport of 174 TBEV genomic RNA disturbed that of host dendritic mRNAs. proteins for transport, while our data showed that the transport of TBEV genomic RNA in dendrites occurs 185 independently of the viral proteins and is regulated by the UTR of the genomic RNA itself (Figs. 1 and 2) . indicating that transport was independent of the TBEV 3′ UTR and genome cyclization (Fig. 1D-F) . In 198 addition, reporter assay revealed that, regardless of the transport of the genome, the mutations introduced to 5′ 199 UTR did not affect RNA stability or translation efficiency, but the deletion of 3′ UTR drastically reduced the 200 stability (Fig. S2) . These results suggest that genome transport via the SL-2 region is independent of other 201 known functions of 5′ UTR, and that the TBEV 3′ UTR was not directly involved in the transport although it 202 stabilized the RNA. 203 SL-2 in the 5′ UTR of TBEV genomic RNA was shown to be a unique viral cis-acting element 204 important for the transport of mRNA. Mutant RNA that cannot form the stem structure (SL-2 stem) was still 205 transported to dendrites (Fig. 2D-F) . The mutation in the SL-2 loop region that reduced transport also resulted 206 in reduced binding to an RBP in neuronal granules (Fig. 5A) . These results indicated that the transport signal The neurological symptoms of TBEV in mice were exacerbated by genome transport and local 223 replication in dendrites. The defect of the transport of the TBEV genomic RNA did not affect the lethality 224 following to viral encephalitis, but was involved in the attenuation of neurological symptoms (Fig. 3) . 225 Neurological symptoms caused by the RNA transport might be somehow independent of the lethality by 226 encephalitis. Recent studies have shown that disruption of the transport and local translation of dendritic 227 mRNAs is involved in many neurodegenerative disorders. In fragile X syndrome, mutations and silencing of 228 the FMRP gene caused dysregulation of the local translation of the dendritic mRNAs, such as the 229 metabotropic glutamate receptor (mGluR), and CaMKIIα, resulting in abnormalities of morphology and 230 dendritic function (14, 29). BDNF mRNA and its signaling pathway in dendrites has been shown to be 231 involved in Alzheimer's disease (30). In this study, we showed that TBEV infection caused the unusual 232 localization of FMRP in dendrites (Fig. 4) and that TBEV genomic RNA transport reduced the expression and 233 transport of host dendritic mRNAs by neuronal granules (Figs. 6 and S7) . It was reported that neuronal RNA 234 granules and FMRP were involved in mRNA stability (31). It is possible that TBEV genomic RNA disturbed 235 binding of FMRP to dendritic mRNAs, and that the unbound RNAs were not transported by neuronal granule, 236 resulting in their degradation. These data indicated that the disturbed transport of host dendritic mRNA by 237 TBEV caused neuronal dysfunction, exacerbating the neurological symptoms in TBEV infected mice. Our 238 previous report (10) showed that the local replication of TBEV altered the membrane structure in dendrites, 239 suggesting that dendritic degeneration caused by this membrane alteration may also be involved in neuronal 240
dysfunction. 241
The sequence of the SL-2 region is completely conserved among tick-borne flaviviruses, but not among 242 mosquito-borne viruses (Fig. S8) . Our previous study showed that various tick-borne flaviviruses replicate 243 locally in the dendrites (10). In the transmission cycle of tick-borne flaviviruses, ticks get infected through 244 blood suckling of viremic mammals or co-feeding of infected ticks. Viral infection and replication in the 245 central nervous system of mammals are considered non-essential processes for transmission (4). A recent 246 study showed that the UTR sequence that regulates the innate immune system was important for the 247 epidemiological fitness of Dengue virus in a human epidemic (32). It has also been suggested that the tick 248 FMRP ortholog is involved in the tick RNAi pathway (33). Binding of the SL-2 to the tick FMRP or related 249 protein might be important for tick-borne flaviviruses to evade RNAi pathway, resulting in conservation of the 250
sequences. 251
In this study, we revealed the mechanism of transport of TBEV genomic RNA in neuronal dendrites and 252 demonstrated the involvement of this transport in the development of neurological disease caused by TBEV 253 infection. We propose a model of viral replication and neuronal dysfunction in dendrites caused by TBEV 254 infection (Fig. S9) 
